
SOME RESULTS FRO14 SLAGGING, FIXED-BED GASIFICATION OF 
LIGNITE AT PRESSURES TO 400 PSIG 

G. H. Gronhovd, A. E. Harak, and M. M. Fegley 

U. S. Department of t h e  I n t e r i o r ,  Bureau of Mines 
Grand Forks L ign i t e  Research Laboratory 

Grand Forks, N. Dak. 

INTRODUCTION 

b Gas i f i ca t ion  of coa l  with steam and oxygen t o  produce s y n t h e s i s  gas is one of  
t he  promising b a s i c  s t a r t i n g  procedures for conver t ing  our v a s t  c o a l  reserves  i n t o  
the  convenient f l u i d  f u e l s ,  gas and o i l .  Perhaps t h e  most a t t r a c t i v e  g a s i f i c a t i o n  
method, from the  s tandpoin t  of thermal e f f i c i e n c y ,  is t h e  fixed-bed system with i ts  
inherent  good hea t  exchange between t h e  countercur ren t  flowing c o a l  and h o t  gases .  
Fixed-bed e a s i f i c a t i o n  is l imi t ed  t o  those  f u e l s  t h a t  do not  agglomerate under t h e  
condi t ions  e x i s t i n g  i n  t h e  g a s i f i e r  s h a f t .  
is we l l  s u i t e d  f o r  t h i s  process.  

\ 

, !  

b ,  
Lign i t e ,  being a nonaggloinerating f u e l ,  

b 

I n  1 9 5 8  the  Bureau of  Mines began development of a high-pressure,  fixed-bed, 
h s l agg ing  g a s i f i c a t i o n  p i l o t  p l an t  a t  Grand Forks, N .  Dak. The ob jec t ives  of t h e  

program were t o  develop a s u i t a b l e  p i l o t  p l a n t  technique f o r  s l agg ing  g a s i f i c a t i o n  
of l i g n i t e  and o t h e r  noncaking f u e l s  a t  p re s su res  t o  400 p i g  and t o  ob ta in  process 
d a t a  as a func t ion  of opera t ing  pressure  and o the r  va r i ab le s .  

p re s su re  g a s i f i e r ,  which ope ra t e s  with dry  a sh  removal. 
p red ic t ed  f o r  s l agg ing  opera t ion  were increased  capac i ty ,  increased  thermal e f f i -  
c iency ,  reduced steam consumption, and reduced quan t i ty  of waste l iquor s .  
advantages of  a s l agg ing  g a s i f i e r  are its a b i l i t y  t o  use c o a l s  having low a s h  
fus ion  temperatures and t h e  absence of a mechanical g r a t e ,  which can r equ i r e  con- 
s i d e r a b l e  maintenance i n  a l a r g e  commercial g a s i f i e r .  

.l It w a s  hoped t h a t  
, t h e  new process would show s i g n i f i c a n t  advantages over t h e  convent iona l  Lurg i l  

Some of t h e  advantages 

Other 

B 

c 
Slagging pressure  g a s i f i c a t i o n  does,  however, pose some formidable problems i n  

r e f r a c t o r y  e ros ion  and i n  methods of d ischarg ing  molten s l a g  from a pressure  v e s s e l .  

The g a s i f i e r  was o r i g i n a l l y  equipped wi th  a low-pressure bottom sec t ion ,  and 
t h e  e a r l y  development work was done a t  80 ps ig .  
was used as  feed m a t e r i a l  f o r  t h e  i n i t i a l  tests because it was t a r - f r e e ,  and t h e  
cha r  ash ,  when f luxed  with b las t - furnace  s l a g ,  had very d e s i r a b l e  flow charac te r -  
i s t ics .  In genera l ,  t h e  development procedwe has  been t o  e s t a b l i s h  a s a t i s f a c t o r y  
s l agg ing  technique f o r  a given des ign  and p res su re ,  us ing  Disco char ,  and then, 
a f t e r  developing necessary  techniques ,  t o  switch t o  dpe ra t ion  wi th  l i g n i t e .  

A bituminous c o a l  char ,  Disco, 

Based on t h e  experience and d a t a  obta ined  a t  80 ps ig ,  a new high-pressure 
bottom s e c t i o n  was designed for t h e  g a s i f i e r .  This u n i t  was i n s t a l l e d  i n  October 
1962, and s ince  then ,  t h e  g a s i f i c a t i o n  p i l o t  p l a n t  has been opera ted  a t  p re s su res  

Trade names are used for i d e n t i f i c a t i o n  only,  and endorsement by t h e  B m a u  of 
Mines is not implied. 
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t o  400 ps ig .  
a series of t e s t s  was s t a r t e d  t o  demonstrate t h e  o p e r a b i l i t y  of t h e  g a s i f i e r  a t  
h igh  p res su res  using North Dakota l i g n i t e .  
a t  p re s su res  from 200 t o  400 p s i g ,  and t h i s  paper w i l l  be p r imar i ly  concerned with 
t h e  experiences and r e s u l t s  from these  tests. 

3 i sco  char  w a s  used f o r  t h e  f i r s t  high-pressure t e s t s ,  b u t  i n  i h j j  1963 

Since then ,  e i g h t  t e s t s  have been run 

DESCRIPTIOS OF THE PROCESS 

A flowsheet of t h e  s l agg ing  g a s i f i c a t i o n  p i l o t  p l an t  is presented i n  f i g u r e  1. 
The f u e l ,  which is p e r i o d i c a l l y  charged t o  t h e  c o a l  lock, moves by g r a v i t y  flow i n t o  
t h e  gene ra to r  and is  cont inuoys ly  g a s i f i e d  by a n  oxygen-steam mixture introduced 
through four water-cooled tuye res  a t  t h e  bottom of t h e  g a s i f i e r .  
a t  t h e  h e a r t h  and flows through a c e n t r a l  1-inch-diameter taphole  i n t o  a water quench 
ba th .  

Molten s l a g  is formed 

The slag-water s l u r r y  i s  p e r i o d i c a l l y  discharged from t h e  s l a g  lock. 

The product gas leav ing  t h e  g a s i f i e r  and conta in ing  water vapor and t a r  is 
scrubbed i n  t h e  spray coo le r  w i t h  recyc led  l i q u o r  t h a t  has been condensed out  of t h e  
gas.  The washed gas is  then  cooled  t o  about 60° F i n  an i n d i r e c t  c o o l e r  before  
be ing  sampled, metered, and f l a r e d .  

Some cooled product gas i s  compressed and recyc led  through t h e  c o a l  lock t o  
prevent  steam and tar vapors from condensing on t h e  cold f u e l .  

Gas from the  high-temperature r eac t ion  zone can be drawn through t h e  taphole  t o  
a i d  s l a g  flow. This gas  i s  cooled and metered i n  a sepa ra t e  c i r c u i t .  

A cross-sec t ion  view of t h e  g a s i f i e r  is presented  i n  f i g u r e  2. The i n s i d e  diam- 
e t e r  of  t h e  u n i t  i s  16-5/8 inches ,  g iv ing  a f u e l  bed area of 1-1/2 square  feet. 
a v a i l a b l e  maximum f u e l  bed depth  of 15  f e e t  provides h e a t  exchange and gas  res idence  
times similar t o  those  i n  a commercial Lurgi u n i t .  

A n  

For a d d i t i o n a l  d e t a i l s  on equipment design and opera t ing  procedure,  r e f e r  t o  the  
r ecen t  Bureau of Mines Report of Inves t iga t ions  6085 (1). 

FUELS AND FLUXES TESTED 

North Dakota l i g n i t e  as-mined usua l ly  con ta ins  from 35 t o  40 percent  moisture. 
Before being charged t o  t h e  g a s i f i e r ,  t h i s  l igni te  is d r i e d  t o  20 t o  25 percent  
moisture i n  a F le i s sne r  steam d r i e r  and then screened t o  3/4 by 1 /4  inch. 
a n a l y s i s  of a d r i ed  l i g n i t e  as charged t o  t h e  g a s i f i e r  is snown i n  t a b l e  1, along 
wi th  an a n a l y s i s  of Disco char.  

A t y p i c a l  

One of t h e  most important c r i t e r i a  f o r  a coa l  t o  be used i n  any s l agg ing  process 
is t h a t  t h e  molten s l a g  must have a s u f f i c i e n t l y  low v i s c o s i t y  t o  flow r e a d i l y  a t  
t h e  temperatures and atmospheres developed i n  t h e  process.  As an a i d  t o  pred ic t ing  
d e s i r a b l e  f u e l  and f l u x  combinations t o  be used i n  tne  s l agg ing  g a s i f i e ? ,  v i scos i ty  
de te rmina t ions  were made by an i n d u s t r i a l  l abo ra to ry  on a number of prepared sarqles .  
Figure  3 shows viscosity-versus-temperature curves f o r  Disco char  ash ,  f o r  l i g n i t e  
a sh ,  and for these  ashes f luxed  with b las t - furnace  s l a g  i n  t h e  r a t i o  of 3 pounds f l u x  
p e r  pound of ash. Chemical compositions f o r  t h e  var ious  ma te r i a l s  are Eiven in  t a b l e  2 

i 

1 
/ 

I 

The Disco ash,  e i t h e r  a lone  or fluxed with b l a s t - fu rnace  s l a g ,  exh ib i t ed  essen- 
t i a l l y  Newtonian flow ove r  t h e  temperature range inves t iga t ed ,  and t h e  f l u x  was very 
e f f e c t i v e  i n  reducing t h e  s l a g  v i s c o s i t y .  
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TABLE 1. - Typical  a n a l y s i s  of fuels g a s i f i e d  

North Dakota 
l i g n i t e  

22.4 
31.4 
39.8 

6.4 

Disco char  

2.5 
19.2 
67.8 
10.5 

Proximate a n a l y s i s ,  percent :  
Moisture 
V o l a t i l e  ma t t e r  
Fixed carbon 
Ash 

Ultimate a n a l y s i s ,  percent :  
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
S u l f u r  
Ash 

5.9 
52.4 
0.9 

34.0 
0.4 
6.4 

3.6 
72.0 

1.6 
10.4 

1.9 
10.5 

I 

? 

Heating va lue ,  Btu/lb 

Ash f u s i b i l i t y  temperature,  OF: 
I n i t i a l  deformation 
Softening 
F l u i d  

8,610 12,100 

2 , 100 
2,135 
2,170 

2,130 
2,190 
2,500 

c 

TAaLE 2. - Typical chemical a n a l y s i s  of var ious f u e l  ashes  and f l u x e s  

'\ Blast 
L ign i t e  

a sh  
furnace Disco cha r  

a s h  
L i g n i t e  
c l i n k e r  

41. 8 
17.1 
8.0 
0.8 

16.9 
4.4 
8.5 
0.9 
2.6 

s l a e  
Analysis ,  percent :  

Si02 
A1203 
Fe233 
Ti02 
CaO 

Na20 
MgO 

K20 
so3 
1dn3oll 

36.3 
11.8 

3.9 
0.3 

36.6 
9.0 
0.4 
0.3 
0.9 
0.5 

33.0 
13.5 

7.3 
0.6 

14.5 
4.4 

12.1 
1.0 

13.8 -- 

48.0 
23.0 
18.5 

1.0 
3.3 
1.0 
0.3 
1.9 
2.7 -- -- 

Ash f u s i b i l i t y ,  OF: 
I n i t i a l  defor- 
mation 1,910 2,020 2,050 2,440 

Softening 2,050 2,050 2,140 2,480 
F lu id  2,140 2,140 2,430 2,520 

The l i g n i t e  ash had r e l a t i v e l y  low v i s c o s i t y  i n  t h e  f l u i d  range b u t  e x h i b i t e d  a 
sna rp  dev ia t ion  from Newtonian flow a t  about  2,000° F. This  p o i n t  at which t h e  v i s -  
c o s i t y  i n c r e a s e s  r a p i d l y  with a s m a l l  drop i n  temperature is c a l l e d  t h e  "temperature 
o f  c r i t i c a l  viscosi ty ."  
b i l i t y  of t h e  l i g n i t e  ash by inc reas ing  t h e  "temperature of c r i t i ca l  v i scos i ty"  by 
about 350° F. 

The a d d i t i o n  of blast-furnace s l a g  reduced t h e  s l a g  tappa- 
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Tne laboratory-determined ash v i s c o s i t i e s  are h e l p f u l  i n  a s ses s ing  s u i t a b i l i t y  
of  f u e l - f l u x  combinations f o r  s l agg ing  g a s i f i c a t i o n ,  ana we have had some success  
i n  c o r r e l a t i n g  these  d a t a  wi th  a c t u a l  performance i n  t h e  g a s i f i e r .  
l abo ra to ry  condi t ions  where t h e  sample is slowly heated and allowed t o  come t o  equi- 
l i b r ium at each temperature are q u i t e  d i f f e r e n t  from condi t ions  i n  t h e  g a s i f i e r  
where t h e  s l a g  upon formation flows r a p i d l y  to the  t apho le  and may not  react com- 
p l e t e l y  wi th  t h e  f l u x  ma te r i a l .  Also, t h e  atmosphere surrounding t h e  s l a g  i n  t h e  
g a s i f i e r  may b e  q u i t e  d i f f e r e n t  from t h e  atmosphere i n  t h e  l abora to ry  test. 

However, t h e  

I n  our  small g a s i f i e r  it i s  sometimes necessary t o  add f l u x i n g  material w i t h  
c e r t a i n  f u e l s  t o  reduce t h e  s l a g  v i s c o s i t y ,  and it is usua l ly  d e s i r a b l e  t o  inc rease  
t h e  q u a n t i t y  of s l a g  flowing through t h e  taphole  and thus  reduce h e a t  loss per  pound 
of s l a g  flowing. 

GASIFICATION OF NORTH DAKOTA LIGNITE 

I n  some of the  e a r l y  lignite tests, b las t - furnace  s l a g  was t r i e d  as a f lux ing  
ma te r i a l ,  b u t ,  as p red ic t ed  from t h e  l abora to ry  v i s c o s i t y  d a t a ,  r e l i a b l e  s l agg ing  
opera t ion  could  not be obta ined .  

c l i n k e r s  from a l o c a l  powerplant t o  t h e  l i g n i t e  charge. 
composition o f  t he  ash is not  apprec iab ly  changed, and t h e  s l a g  flow can be increased  
t o  any d e s i r e d  r a t e .  
ranged from 30 t o  10 pounds p e r  100 pounds of l i g n i t e ,  depending upon t h e  g a s i f i c a -  
t i o n  rate. 
p e r  hour. 

Various methods f o r  improving t n e  l i g n i t e  s l a g  flow 
.were t r i e d ,  bu t  t he  most success fu l  procedure has been t o  add s i z e d  combustion 

By t h i s  method t h e  chemical 

The ra t io  of c l i n k e r s  to  l i g n i t e  for t h e  tests t o  d a t e  has 

The average s l a g  flow rates have gene ra l ly  been from 150 t o  200 pounds 

The o p e r a b i l i t y  of t h e  gasifier on l i g n i t e  a t  pressures to 400 psig was gene ra l ly  
s a t i s f a c t o r y ,  although i n  some tests d i f f i c u l t i e s  i n  maintaining s l a g  flow were 
encountered a f te r  5 to  10 hours  of s l agg ing  opera t ion .  As w i l l  b e  d iscussed  l a t e r  
i n  t h e  r e p o r t ,  t h i s  problem seems t o  be  r e l a t e d  t o  i r o n  seg rega t ion  on t h e  hear th .  

Contrary t o  expec ta t ions ,  no t r o u b l e  has been experienced i n  ca r ry ing  tar vapors 
out of t h e  g a s i f i e r  d e s p i t e  t h e  low gas  o f f t a k e  tempera tures ,  o f t en  less than  300° F. 

TEST RESULTS 

The gas  production rate is  determined by the  oxygen-steam inpu t  rates, and dur ing  
t h i s  s e r i e s  o f  e i g h t  t e s t s ,  oxygen rates used were from 4,000 t o  6,500 cubic  feet  
pe r  hour. 
tests. 
capac i ty  was l i m i t e d  t o  6,500 cubic  feet per  hour oxygen rate. 

The oxygen-steam molar r a t i o  was maintained a t  approximately 0.9 for a l l  
Because of l i m i t a t i o n s  on gas cool ing  and metering equipment, t h e  maximum 

Typica l  r e s u l t s  from g a s i f i c a t i o n  of l ignite a t  400 p s i g  and 6,000 cubic  f e e t  
pe r  hour oxygen input  are g iven  i n  t a b l e  3.  
char  test at  t h e  same p r e s s u r e  and oxygen r a t e  are also given. The gas production 
rate is about 29,000 cubic  feet pe r  hour,  o r  19,300 cubic f e e t  pe r  square  foo t  per 
hour, for both  tests. 
pe r  hour is t h e  rate f o r  Disco. 
CH4 and C02 as a r e s u l t  of inc reased  py ro lys i s  gas from t h i s  f u e l .  
of sulfur compounds i n  t h e \ p r o d u c t  gases  a re  approximately p ropor t iona l  t o  t h e  t o t a l  
s u l f u r  i npu t  i n  t h e  fue l .  

For comparison, r e s u l t s  from a Disco 

The l i g n i t e  feed  r a t e  is  1,442 pounds p e r  hour;  934 pounds 
The gas  a n a l y s i s  for t h e  l i g n i t e  t es t  shows h ighe r  

The concent ra t ion  

Table 4 is a t y p i c a l  material ba lance  f o r  a L ign i t e  test a t  400 p i g ,  and 
table 5 is a hea t  ba lance  for  t h e  same test .  
and t h e  o theo  unaccounted for  l o s s e s  are 4.0 pe rcen t  of t h e  t o t a l  input  heat. 

The h e a t  loss  t o  t h e  s l a g  i s  1.3 percent ,  
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T A d i E  3 . . Typical  r e s u l t s  from g a s i f i c a t i o n  a t  400 p s i g  

Oxygen rate ............................. scf /hrL/  
Oxygedsteam ra t io  .................. mole/mole 
Fuel ra te  ................................ lb/’nr 
Fuel  r a t e  (maf) .......................... l b / h r  
Flux r a t i o  ...................... &/lo0 l b  f u e l  
Total gas rate .......................... s c f / h r  
S p e c i f i c  gas  ra te  ................... s c f / f t 2 / h r  
S lag  discharge ra te  ...................... l b / h r  
ilaterial requirements  p e r  Mft3 crude gas:  

Oxygen ................................ f t  3 
Steam .................................. lb 
Fuel  (maf) ............................. lb 

Oxygen ............................... f t 3  
Steam .................................. 1 
Fuel  (maf) ............................. lb 

Yaterial requirements  p e r  ~ f t 3  ( c o + ~ I ~ )  : 

Cold gas  e f f i c i e n c y  .................... percent21  
Opera t iona l  e f f i c i e n c y  ................... .d 0. . 3/ 
Average gas  o f f t a k e  temperature  ............. OF 
Steam decomposition .................... percent51  
Crude gas ana lys i s : /  

C02 .................................. do .. 
02 .................................. do .. 
C 2 ~ 6  ................................. do .. 
CH4 .................................. do .. 

i ieat ing value .......................... a t u / f t 3  
X ~ S  .............................. gra ins / loo  f t 3  
Organic s u l f u r  .................. grains/100 f t 3  

1/ A l l  eas volumes a t  30 in . Hg and 600 F . 

I l lurninants  .......................... do.. 

ti2 ................................... do.. 
CO ................................... do.. 

Fuel  
Steam-dried 

l i g n i t e  

6 .  000 
0.9 

1. 442 
9 a7 
1 0  

29. 000 
19. 300 

214 

207 
10.9 
34.0 

245 
12.9 
40.2 

9L.O 
84.5 

50 a - 
7.5 
0.4 
0.1 

56.2 
0.5 
6.9 
354 
10 7 

20 

28.4 

Disco c h a r  

6. 000 
0.8 
934 
792 
15  

29. 100 
19. 400 

231 

206 
12.2 
27.2 

227 
13.5 
30.0 

89.5 

83.4 

3.3 
0 . 1  
0.2 

29.7 
61.2 

0.0 
5.5 
345 
284 

73 

89.5 

aao 

. 
2 /  Cold-gas e f f i c i e n c y  = p o t e n t i a l  h e a t  i n  gas . x 100 . 
. 3/ Opera t iona l  e f f i c i e n c y  = p o t e n t i a l  h e a t  of gas t p o t e n t i a l  h e a t  of t a r  x 100 . 

p o t e n t i a l  hea t  i n  f u e l  
4/ Steam decomposition = f i p  i n  gas t t a r  . H.2 i n  m f  f u e l  . x 100 . 
5/  

p o t e n t i a l  h e a t  i n  f u e l  

H 2  i n  steam 

Gas a n a l y s i s  i s  c a l c u l a t e d  t o  n i t rogen-f ree  b a s i s  t o  correct fo r  i n e r t  
gas added to t h e  system, and gas product ion rates are given on t h i s  b a s i s  . . 



TABLE 4. - Typica l  material balance from g a s i f i c a t i o n  of l i g n i t e  
a t  400 p s i g  

Mate r i a l  i n :  
' Steam 

Oxygen 
. Fuel  

Flux 
T o t a l  

Ma te r i a l  ou t :  
Product gas  
S lag  
Condensate t t a r  
Unaccounted f o r  

T o t a l  

Pounds pe r  hour 

316 
507 

1,442 
144 

2,409 
- 

1,701 ' 

214 
49 5 
-1 

. 2,409 
- .  

Percent 

13.1 , 

21.0 
59.9 
6.0 

100.0 
- .  

70.6 
8.9 

20.5 . 
' 0.0 
100 .o 
- 

TABLE 5. - Typica l  h e a t  ba lance  from g a s i f i c a t i o n  of l i g n i t e  
at  400 p s i g  

Heat i n :  
Fue l  
Steam 
Oxygen 

Total 

Heat ou t :  . 
Product gas: 

P o t e n t i a l  
Sens ib l e  

S lag  
Water vapor 
Tar  ( p o t e n t i a l )  
Unaccounted f o r  l o s s e s  

Total 

M Btu p e r  hour 

12,153 
40 1 

54 
12,608 
- 

10,273 
27u 
166 
620 
781 
49 8 

12,608 
- 

-- Pez'cent , 

96. 4 
3.2 
0 ;4 

100.0 
- 

81.,5 
2 . i  
1.3 
4.9 
6.2 
4.0 

100 .o 
- 

Figure  4 shows t h e  v a r i a t i o n  i n  gas  a n a l y s i s  wi th  ope ra t ing  p res su res  when gas i -  
f y i n g  lignite a t  pressures  from 80 t o  400 ps ig .  
crease s l i g h t l y  with p re s su re ,  and t h e  C02 and CH4 concent ra t ions  inc rease  s l i g h t l y .  

The CO and H2 concent ra t ions  de- 

I LIGNITE .TAR 

I n  a fixed-bed g a s i f i e r  of t h i s  t ype ,  t h e  moisture and py ro lys i s  products  of 
t h e  f u e l  are c a r r i e d  out  of t h e  g a s i f i e r  with t h e  product gas. 
vapors are condensed i n  t h e  s p r a y  washer by d i r e c t  con tac t  with cooled r ecyc led  
l i quor .  The tar is discharged  from t h e  spray  washer i n  the form of a tar-water 
emulsion t h a t  u sua l ly  con ta ins  from 40 t o  50 pe rcen t  water. 
'of t h e  t a r  is very close t o  unity, and no s a t i s f a c t o r y  method of breaking  t h i s  

These t a r  and water 

The s p e c i f i c  g r a v i t y  



eniulsicn has  been found. 
lerri ( 2 ) .  
rangins  from 10 to  20 g a l l o n s  of moisture-free t a r  per  ton  of moisture- and ash-free 
l i g n i t e .  
t h e  t a r  s e p a r a t i o n  and recovery problems. 

Commercial Lurgi p l a n t s  a r e  a l s o  plagued wi th  t h i s  prob- 
The t a r  recovery iias var ied  considerably dur ing  t h e  t e s t  program, u s u a l l y  

T’ne v a r i a t i o n s  i n  y i e l d  are be l ieved  t o  b e  caused, t o  a l a r g e  e x t e n t ,  by 

Table 6 snows d a t a  on l i g n i t e  tar obtained a t  opera t ing  p r e s s u r e s  from 80 t o  
I n  genera l ,  t h e r e  appears t o  be l i t t l e  d i f f e r e n c e  between t n e  var ious tars. 400 ps ig .  

TAaLS 6. - ?ro?erties of tars  and t a r  f r a c t i o n s  from t h e  
Dressure gas iEica t ion  of Yortn Dakota l i g n i t e  

Run number 5 1  P-15 P- 16 P-20 
Pressure ,  o s i g  80 200 ‘300 400 

Moisture, weight-percent : 
D i s t i l l a t i o n  t o  cracking 

Primary d i s t i l l a t i o n ,  weight- 
percent  of dry t a r :  

Dist i l la te  
P i t c h  
LOSS 

Temperature of decomposition, OC 
Comaosi t ion  of d i s t i l l a t e  , 

weight-percent : 
Tar a c i d s  
Tar bases  
Weutral o i l  

weight-percent: 
T o  95O C 

Disti l late,  Hempel d i s t i l l a t i o n ,  

95-105 
105-170 
170-185 
185-200 
200-210 
210-235 
235-270 
2 70-deconpos i ti on 

P i t a  
Loss 

Temperature of decomposition, O C  

Tar recovery,  g a l  t a r  p e r  t o n  
maf coal 

S p e c i f i c  g r a v i t y ,  25/25 O C  

3ltimate a n a l y s i s ,  percent :  
CarDon 
iiydrogen 
!Iitrogen 
Oxygen 
S u l f u r  

51.6 

. 82.6 
11.8 

5.6 
300 

44.0 
1.2 

54.8 

4.2 
0.9 
3.7 
4.3 
7.5 
5.1 

12.7 
13.9 
30.9 
13.8 

3.0 
360 

21.0 
1.0208 

83.8 
9.1 - - - 

52.2 

74.8 
19.6 

5.6 
3 10 

39 .O 
0.4 

60.6 

6.6 
0.9 
1.9 
2.7 
6.0 
7.0 

14.6 
10.3 
40.5 
6.7 
2.8 
370 

8.7 
1.0570 

83.2 
8.4 
1.0 
6.7 
0.7 

55.0 

79.6 
15.5 

4.9 
300 

39.2’ 
0.4 

60.4 

5.5 
0.1 
1.9 
6.2 
6.6 
6.2 

10.0 
13.9 
39.2 

7.7 
2.7 
382 

13.8 
1.0423 

82.9 
8.6 
0.9 
6.9 
0.7 

42.1 

76.4 
18.3 

5.3 
332 

36.9 
0.5 

62.6 

2.1 
0.5 
5.5 
4.5 

10.9 
6.3 

11.3 
10.2 
39.7 

7.0 
1.4 
376 

10.8 
1.0453 

83.3 
8.4 
1.0 
6.6 
0.7 
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SIZE DEGRADATION I N  THE FUEL BED 

A s  t h e  l i g n i t e  passes  down through t h e  dry ing  and carbonizing zones i n  t h e  gas i -  
f ier ,  s i g n i f i c a n t  s i z e  r educ t ion  occurs.  
t h e  tu rbu len t  zones o f  t h e  raceways i n  f r o n t  of  each tuye're. 
ana lyses  of t h e  mater ia l  charged t o  t h e  g a s i f i e r  and o f  t h e  material i n  t h e  upper and 
lower p o r t i o n s  o f  t h e  bed after a test  us ing  e i t h e r  l i g n i t e  o r  Disco char.  
l i g n i t e - c l i n k e r  mixture as charged con ta ins  about 66 percent  p lus  1/2-inch material 
and about  2 percent  minus 1/8 inch. 
bed a t  t h e  conclusion of a t e s t  showed 4.4 percent  of t h e  p l u s  1/2-inch material 
and 54.4 percent  of t h e  minus 1/8-inch material. 
o u t  t h i s  f i n e  ma te r i a l ,  and no f u e l  bed car ryover  has been noted  a t  400 p s i g  wi th  
g a s i f i c a t i o n  r a t e s  as high as 20,000 cubic  f e e t  pe r  squa re  f o o t  p e r  hour. 
t h e  s i z e  degradation i n  t h e  Disco cha r  tests w e r e  much less than  for l ignite.  

Addi t iona l  f i n e s  are probably produced i n  
Figure 5 shows screen 

The 

Screen ana lys i s  of  t h e  lower 3 f e e t  o f  t h e  f u e l  

The deep f u e l  bed tends  t o  f i l t e r  

As shown, 

Because of t h e  g r e a t e r  amount of  f i n e s  when gas i fy ing  l i g n i t e  and t h e  r e s u l t a n t  
greater pressure  drop f o r  a g iven  g a s i f i c a t i o n  r a t e ,  it is  expected t h a t  t h e  maximum 
capac i ty  w i l l  be less f o r  l i g n i t e  than  f o r  Disco char.  

EFFECT OF COAL CHARGE CYCLE 

During t h e  high-capacity tests a t  400 ps ig ,  t h e  f u e l  f l u x  f eed  rate w a s  about  
1,510 pounds p e r  hour, o r  about 1,000 pounds p e r  square  f o o t  p e r  hour. 
r equ i r ed  charging the  coa l  lock every 45 minutes. 
r equ i r ed  about 11 minutes, and s i n c e  n o  f u e l  w a s  be ing  f e d  t o  t h e  s h a f t  dur ing  th i s  
time, t h e  fuel  bed l e v e l  d r o p p e d a n  e s t ima ted  4 t o  5 inches  pe r  minute, or a to ta l  
of about 4 feet. This f l u c t u a t i o n  i n  f u e l  bed he igh t  has  a great effect on the gas 
o f f t a k e  temperature and some effect on t h e  gas composition. As shown i n  f i g u r e  6 ,  
the gas  o f f t a k e  temperature is 300° t o  400° F du r ing  t h e  t i m e  t h a t  coal is being  
f e d  t o  the s h a f t ,  bu t  when t h e  coal lock  becomes empty, t h i s  temperature quick ly  
rises t o  1,500° t o  1,600° F. 
p l o t t e d  in f i g u r e  6 and shows n o  effect of the  charge cyc le  bu t  remains cons t an t  
a t  about 2,390° F. 

This  rate 
The charging opera t ion  u s u a l l y  

The bed tempera ture  10 feet above t h e  h e a r t h  is a l s o  

The C02 i n  t h e  product gas is continuously monitored by an  i n f r a r e d  ana lyze r ,  
ti,ese d&.b.io ~ - . =  a&v rloztad s *  -_ nn > _ -__  -L--3-- 1..-..-- *L- 

A I L =  b.Vz U V p V  VUaApAy U U I A I A t j  LII- 

charging pe r iod  by as much as 5 percent .  

The drop i n  f u e l  bed h e i g h t  du r ing  charg ing  could  u l t ima te ly  l i m i t  t h e  m a x i m u m  
capac i ty  of t h e  g a s i f i e r  because the remaining fuel  bed w i l l  conta in  a g r e a t e r  per- 
centage of f i n e s  and w i l l  t h u s  f l u i d i z e  more e a s i l y .  
he ight  v a r i a t i o n  could be so lved  by adding another  coal lock  t o  t h e  g a s i f i e r ,  e i t h e r  
in series or p a r a l l e l  with t h e  p re sen t  u n i t .  To do  t h i s  now would r e q u i r e  ex tens ive  
modi f ica t ions  t o  the  gasifier and suppor t ing  s t r u c t u r e ,  and t h i s  change is not  
p re sen t ly  be ing  considered. 

This problem of f u e l  bed 

SLAG FLOW PROBLEMS 

A s  w a s  s t a t e d  e a r l i e r ,  some of t h e  tests i n  t h i s  series proceeded smoothly f o r  
5 t o  10 hours of  s lagging  ope ra t ion ,  and then  sudden f r e e z i n g  of material i n  t h e  
t apho le  caused premature shutdown. I n  most of t hese  i n s t a n c e s ,  s e v e r a l  pounds of 
i r o n  agglomerates were found on t h e  h e a r t h  bottom dur ing  c leanout ,  and s o l i d i f i e d  
iron streams ind ica t ed  f l o w  toward or i n s i d e  of t h e  taphole .  I t  appears t h a t  t h e  
l i g n i t e  s l a g  itself is very  f l u i d  and f lows  well u n t i l  t h e  i r o n  pools become l a r g e  
enough and start flowing toward t h e  taphole .  

i 

. I  
1 
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Ind ica t ions  a r e  t h a t  most of  t h e  metallic i r o n  produced flows uniformly through 

t h e  taphole  with t h e  s l ag .  
coa l -c l inker  charge contained t h e  equ iva len t  of  about 9.5 pounds of i r o n .  
of  t h e  s l a g  c o l l e c t e d  per  charge showed 2.2 pounds of magnetic m a t e r i a l ,  which 
would i n d i c a t e  t h a t  about 25 percent  of t h e  i r o n  is being reduced. 
c l i n k e r  charge produces about 2.2 pounds of  i r o n  pe r  45 minutes and t h e  trouble- 
some i r o n  agglomerate of s e v e r a l  pounds does n o t  occur u n t i l  a f te r  5 t o  10  hours 
of  opera t ion ,  it follows t h a t  most of t h e  i r o n  produced flows uniformly through 
t h e  taphole  with the  s l ag .  The phenomenon caus ing  t h e  i r o n  agglomerates on the  
hea r th  bottom and t h e  r e s u l t a n t  flow problems a r e  no t  understood bu t  a r e  cu r ren t ly  
being s tudied .  The sepa ra t ed  i r o n  may have a h igher  melting temperature than  t h e  
l i g n i t e  s l a g ,  and t h e  in t ima te  con tac t  between t h e  hea r th  bottom and t h e  i r o n  may 
be respons ib le  f o r  t h e  i r o n  f r eez ing  before  discharge.  

For example, i n  one tes t  it w a s  es t imated  t h a t  each 
Analysis 

Since a coal- 

COMPARISON OF R~SULTS WITH COMMERCIAL LURGI 

Deta i led  r e s u l t s  f r o m  t h e  new Yes t f i e ld  Lurgi g a s i f i c a t i o n  p l a n t  i n  Scotland 
have r ecen t ly  been published (3, 41, and i n  t a b l e  7 t h e  pre l iminary  high-pressure 
r e s u l t s  f r o m  t h e  experimental  s l agg ing  g a s i f i e r  are compared wi th  those  from t h e  
dry-ash Lurgi p lan t .  

The Westfield p l a n t  uses a bituminous coa l ;  however, on an as-charged b a s i s ,  
t h e  v o l a t i l e  matter and f i x e d  carbon con ten t s  of t h i s  f u e l  are about t h e  same as 
f o r  t h e  steam-dried l i g n i t e .  

R icke t t s  s t a t e s  t h a t  gas  production rates of 11,000 cubic  feet of crude gas 
p e r  square  foo t  p e r  hour have been obta ined  a t  Westfield and i n d i c a t e s  t h a t  even 
h ighe r  rates may be poss ib le .  
square  foot p e r  hour'which has  p re sen t ly  been obta ined  with t h e  s l agg ing  g a s i f i e r .  
We be l i eve  t h i s  rate w i l l  be inc reased  s u b s t a n t i a l l y  i n  f u t u r e  tests. 
b a s i s  of  (CO+H2), t h e  s l agg ing  gasifier 

product gas from t h e  s l agg ing  opera t ion .  

This compares with a r a t e  of 19,300 cubic  feet p e r  

On t h e  
ate pe r  square foot is about 2.4 times 

t h a t  of t h e  conventional Lurgi because/ ?i e much h igher  CO and lower C02 i n  t h e  

The material requirements pe r  1,000 cub ic  feet (COfH2) for  t h e  two processes  
me also given i n  table 7. 
s l agg ing  g a s i f i e r  v s  47.4 pounds f o r  t h e  Lurgi. 
245 cubic  f e e t  vs 267 cubic feet f o r  t h e  Lurgi. 
steam requirements;  t h e  s l agg ing  g a s i f i e r  u ses  only 12.9 pounds, compared with 
67.4 pounds f o r  t h e  dry ash u n i t .  The average gas  o f f t a k e  temperature f o r  t h e  
Westfield g a s i f i e r  is about 900° t o  1,000" F, compared wi th  500° F f o r  t h e  s l agg ing  
g a s i f i e r  . 

The maf f u e l  requirements are 40.2 pounds f o r  t h e  
The oxygen requirements are 
The l a r g e s t  d i f f e r e n c e  i s  i n  t h e  

SUMMARY 

Slagging g a s i f i c a t i o n  of North Dakota l igni te  a t  p res su res  t o  400 p s i g  has 
been demonstrated i n  a beginning series of eight tests a t  high pressure. 
of t h e  g a s i f i c a t i o n  p i l o t  p l a n t  dur ing  t h e s e  tests w a s  g e n e r a l l y  good, although 
taphole  plugging l i m i t e d  some tests t o  about 5 t o  10 hours of s l agg ing  opera t ion .  
This taphole  f r eez ing  problem appears t o  b e  d i r e c t l y  r e l a t e d  t o  i r o n  segrega t ion  
and agglomeration on t h e  h e a r t h  and c o n s t i t u t e s  t h e  most serious impediment t o  
extended opera t ion  of t h e  g a s i f i e r  a t  t h e  p re sen t  t i m e .  
l i g n i t e ,  and, neg lec t ing  t h e  i r o n  segrega t ion ,  t h e  slag was very f l u i d  and flowed 
n i c e l y  through t h e  taphole ,  i n d i c a t i n g  t h e  suitability of figoite for a s h g g i n g  
process.  

Performance 

No f l u x  was used with t h e  

. .  
. .  . 



TAaLE 7. - Comparison of r e s u l t s  f r o m  s l agg ing  g a s i f i e r  and 
commercial Lurgi p l a n t  

West f ie ld  Lurgi 
Slagging g a s i f i e r  p l a n t  

Operating p res su re ,  ps ig  400 355 
Fuel g a s i f i e d  Steam-dried l i g n i t e  Bituminous 
Fuel a n a l y s i s ,  proximate, pe rcen t  

Moisture 22.4 16 .O 

Gas 

Gas 

Ash 
Volatile ma t t e r  
Fixed carbon 

product ion  rate: 
Crude gas ,  f t 3 / f t 2 / h r  
(CO+H2), f t 3 / f t 2 / h r  

a n a l y s i s ,  percent:  
co2 
02 
N2 

H2 
CH4 

co 

C2H6 
CnHm 

Heating va lue ,  B tu / f t3  
Material requirements p e r  H f t 3  (COtH2) : 

Fuel,  lb: 
As-charged 
Moisture- and ash- f ree  
Fixed carbon 

Steam, lb 
Oxygen, e t 3  

Average gas offtake tempcra t~re ,  OF 
Cold gas  e f f ic iency ,&/  percent  

6.4 
31.4 
39.8 

19,300 
16,300 

7.5 
0.1 - 

56.2 
28.4 
6.9 
0.5 
0.4 
351, 

58.8 
40.2 
22.4 
12.9 

245 

84.5 
c n n  J"" 

11 co ld  gas efficiency = P o t e n t i a l  h e a t  i n  product gas  ' 

P o t e n t i a l  h e a t  i n  t h e  c o a l  - 

14.3 
28.5 
41.2 

11,000 
6,970 

26.1 

0.8 
26.0 
37.4 
9.1 

0.6 
3 10 

- 

- 

68.0 
47.4 
28.0 
67.4 

267 
9Ou-i,uuu 

81.0 

Considerable process d a t a  were obta ined  from t h e  l i g n i t e  tests a t  var ious  
p re s su res  t o  400 p i g .  
ments p e r  u n i t  syn thes i s  gas showed only sma l l  v a r i a t i o n  with ope ra t ing  pressure.  

The gas  composition, t a r  composition, and material r equ i r e -  

The maximum gas production rate dur ing  t h i s  s e r i e s  was l i m i t e d  t o  about 20,000 
cub ic  feet p e r  square  f o o t  p e r  hour because of l i m i t a t i o n s  on gas  metering and 
cool ing  equipment. 
of f u e l  bed c a x q o v e r .  
ob ta ined  i n  f u t u r e  tests. 

However, a t  t h i s  ra te  and a t  400 ps ig ,  t h e r e  was no i n d i c a t i o n  
It is expec ted  that  cons iderably  h i g h e r  r a t e s  w i l l  be 

Comparison of r e s u l t s  wi th  t h o s e  of t h e  Westfield dry-ash Lurgi p l an t  shows 
favorable  material requirements of t h e  s l agg ing  g a s i f i e r  p e r  u n i t  of s y n t h e s i s  gas, 
and production rates per  squa re  f o o t  are more than  double t h o s e  from t h e  i u r g i  p l a n t  
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, , .  

Because of t he  drop i n  f u e l  bed he igh t  while coa l  is being charged t o  t h e  gas i -  
f i e r ,  t h e  gas o f f t a k e  temperature inc reases  from 300° t o  1,600° F and t h e  Cog i n  
t h e  product gas decreases by about 5 percent .  
could be avoided e i t h e r  by us ing  double lock-noppers f o r  t h e  c o a l  f e e d  o r  by s e v e r a l  
o the r  poss ib l e  modi f ica t ions  of t h e  fuel-charging system. 

This f l u c t u a t i o n  i s  undes i rab le  and 

No t roub le  nas been experienced i n  ca r ry ing  t a r  vapors ou t  of t h e  g a s i f i e r  de- 
s p i t e  t h e  genera l ly  low gas o f f t a k e  temperatures.  
s epa ra t ion  a r e  blamed f o r  i n c o n s i s t e n t  r e s u l t s  i n  t a r  y i e l d s  p e r  ton  of l i g n i t e ,  
which range from 10 t o  20 ga l lons  of mois ture- f ree  tar p e r  ton  of moisture- and 
ash- f ree  l i g n i t e .  

D i f f i c u l t i e s  i n  ta r -water  emulsion 

S i z e  degradation i n  t h e  s h a f t  i s  q u i t e  s eve re  when us ing  l i g n i t e ,  and over 50 
percent  of t h e  material i n  t h e  lower p a r t  o f  t h e  s h a f t  is minus 1 / 0  inch. 
f u e l  bed a c t s  as an e f f i c i e n t  f i l t e r  t o  prevent dus t  car ryover ;  however, t h e  addi- 
t i o n a l  p re s su re  drop caused by t h e  f i n e  material should  cause hangup of t h e  f u e l  
bed a t  l o n e r  gas  production rates with l i g n i t e  than  wi th  Disco char.  

The deep 

The hea r th  design as developed f o r  t h i s  small p i l o t  g a s i f i e r  would not be 
s u i t a b l e  f o r  scale-up f o r  a commercial u n i t .  
t aphole  i s  less than 50 hours,  and some type  of water-cooled hea r th  and taphole  i s  
envisioned f o r  a l a r g e  g a s i f i e r .  In  add i t ion ,  some means of  hea t ing  t h e  taphole  
dur ing  per iods  of low load  o r  temporary shutdown would probably be requi red .  
B r i t i s h  i n v e s t i g a t o r s  have made s i g n i f i c a n t  progress  i n  t h e  development o f  t hese  
items (5,  6) .  

The l i f e  expectancy of  t h e  r e f r a c t o r y  

The 

The p i l o t  p l an t  is now being  modified t o  permi t  h ighe r  capac i ty  opera t ion ,  and 
tests w i l l  be continued i n  o rde r  t o  determine maximum capac i ty  and o t h e r  process d a t a  
as a func t ion  of ope ra t ing  p res su re  and o t h e r  va r i ab le s .  

1. 

2. 

3. 

4. 

5. 

6. 
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Fig. I Process flow diogrom for pressure gasification pilot plant. 
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f ig .  2 Crosr section o f  pressure gasifier. 
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Fig. 3 Measured viscosity- lemperoture relationships for various coal 
oshes and for mixture of cool oshes and flux. 

10 

60 

5 0  
c 

a 
t 
n 

i 
2 
t 
a 

4 0  

ln 
0 

0 
0 

ln 
U 
0 

I 30 

2 0  

10 

0 

1 

100 200 300 400 500 

OPERATING PRESSURE, p s i 9  
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